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‘IIIc Mars Global Surveyor (MGS) spacecraft will bc
launched toward h4ars in November 1996. This
mission is the first in the NASA Mrrrs Surveyor
l’rogram and has becm under dcvclopmcnt  for the past
two years. III this report the status of the MGS
mission, three months Jwior to launch, wi]] be dcscribcd
along with three specific topics: acrobraki ng , the lander
to orhi[cr  relay and the common operations project for
the hkirs Surveyor 11-ogram. “llrc Mars Global Surveyor
mission is intended to accomplish a portion of tic
sciclititic objectives of the h4ars Observer Mission
which was lost in 1993, three days before crrtcring  Mars
orbi 1. “1 ‘o meet the cs[abli shed objcxtivcs  a low, sun-
s ynchr-onous,  near arcular, polar-mapping orbit is
required which drives the need for acrobrakng before
ntap]@ bq+us.  MGS will carry a lander to orbiter
relay capability for use with tbc Russian 1996 hinder
and smmll probes to be dropped to the surface of Mars
by the 19558 Surveyor Mission. l~or the Mars Surveyor
}Yogram operation of all the lrurdcrs  and orbiters will be
conchretcd under a single cost mmstraincd Mars Surveyor
Operation Projccl.

INIRO1  XJCJ’IQN

Mars Global Surveyor is to be the first mission in a
scncs of Mars orbiters and landers planned by the 1 Jnitcd
S ta t e s  (LJS)  Na t iona l  Ae ronau t i c s  and  Spacz
Administmtion (NASA) over the next dccadc. MGS has
bccm under dcvclopmcn(  since October 199.4 with a
budget of $ 1.5! million. ‘l”hc .lct l’ropnlsion  1,aboratory
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is responsible for the execution of the Surveyor
1~-o~vam and tbc marragcmcnt of h4GS. In a competitive
selection proecss 1 xxkhecd LMartin Astronautics (1 ,MA)
of ]Xnvcr, Colorado was sclcctcd  as the il~d{lstriid
partner rcsponsitdc  for the design, building and testing
of the MCJS spacecraft. 1,aunch of the N4GS spacccra(t
to h4ars will occur in the period 6-25 November 1996
from the C’pc Ckmavcrat  Air l;orcc Station usiug a
h4cI Xmncll IXxrglas  IMta 117925 launch vchiclc.

1,ockhecd  h4artin Astronautics proJmscd  a spacecraft to
be built from the existing set of spare electronic
assemblies from h4,ars Observer with a ncw composite
spacxxraft  bm strudure and a ncw dual mode (bi -
propcllant or hydrazinc)  propuls ion systcm.  ‘lhc
sl)acwmft  is com jmscd of two modules: an cquipmal(
module which carries the scicncc  instruments and most
of the spacecraft cl~ronies  and a propulsion module
which contains all the propulsion components, the
spacecraft fuel, oxidiym and prcssurunt tanks and the
bat tcrics.  Other principat ncw claucnts  of the spaawraft
i ncludc two solid s~at e rcmrdcrs  (1.5 C~bits each), two
20 A-hour nickel hydrogen batteries, a single 596 N bi-
pl opcllant main engine, a four panel solar array (two
panels each of Si and GaAs czlls), drag naps at the cncl
of each solar array, two Thompson 25 watt travclinx
wave tube power amplifiers and a set of ncw low gain
anlcnnas. “Ilrc dual mode propulsion system has
significant heritage from the Cassini spacecraft
propulsion design with cam taken to avoid problems
with propellant vapor mixing as this has hem  suggested
as tbc c-ausc of the frrilurc  of h4ars Observer. I’hc
spicccraft has been designed for acrobraking  at Mars.
with the back of the solar arrays being the main drag
Clement . lhc spacecraft is gcacrall y single fault
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Io]cr’an{  with tbc redundant h,ardwm c]cmcnts Inanagcd
by the spacecraft’s ccntrat cornpulcrs.

“Jbc h4GS scicncc payload consists of the follo~ving
instnuncnts: h4agllctolnctc}-/}  ilwtrorl  IWh2ctomclcr,
h4rrrs  (h-biter Camera, h4ars Orbiter I zwcr Altimeter,
‘J?lcrmal 1 imission Speztrornctcr  and an lJ1tra-Stable
Oscillator  for Radio ScicnCG A h4ars Relay systan  is
provided to assist the data return from surface vehicles.
IIoih the ]owcr launch rnms and budget for h4GS versus
h4ars  Observer meant that two instnrmcnts carrie~i by
h4ars Otrscrvcr arc not a part of the h4GS payload,
‘Jhesc  instruments arc: the Pram-c h40dulator lnfrmed
Radi omcter  (now sclectcd  to fly on the 1998 Surveyor
Orbiter and the Garnrna Ray Spectromctcr  ( which is a
candidate for flight on the 2001 Surveyor orbi ter).

],]~~h4}iNJ’  S“J”ATLJS  ‘l”JIRl;}i h40N1’1  1’S.—.. >.
Blik’ow;  lJAlm’cl  I——

At the cnd of July 1996 all the clcmcnts of the
spwxcraft  and payload have been built, integrated and
tested as a systan.  I’hcnnat vacuum testing of tbc
integratcxt  system and atl the instnuncnts  was cmnplcted
in early Ju] y. l~inat packaging of the spacwraft  for air
ship lncnt to Cape Gnavcral  will be comp]  cted in early
August

A ai tical design review of the mrrl ti -spaaxmfl  Srrrvcyor
I ‘light Operations l’rojcct was successfully conducted in
1 ‘cbruary  1996. ‘1’hc Srrrvcyor  lligbt Ope ra t i ons
Project fonnatly sku-tcd in March 1996 using clenlcnts
of the. h4Cr S operations systcm as the ini tiat basis for
this ncw ndti-n~issiort  capability which will cxtcud to
all the vchiclcs  in the Surveyor scn es

AI;t/O1lRAKING

A 10W, sun-synchronous, near circular, near polar
nlappiug orbit was sclectcd for MGS bccausc  it allows
uniform cmaagc indcpcmdalt  of latitude for atnlost all
of  the planet ,  pcnuits  rclativcl y high rcsohltion
observations of the srrrfacc  and allows separation of
diurnat rwd longitude vanatiolis.  llrc usc of such orbits
is COI Iunon for terrestrial remote sensing spac~raft  but
they have not been used for J)lanctary  missions, despite
the obscl-vational  advan t ages ,  bcausc tbcy arc
cncrgctieally expensive.

A  good way of cxarnining  the energy and A V
rcquirancnts  for such orbits arid the diffcwmx bctwwn

using cbcnlicat propulsion and acrobrakirrg  is to
Conlp’arc h4GS and Nfars Global Surveyor. “Ihc
mapping orbit at Akrs is the sanlc for these two
missions. “1’hcse nlissions  differ in that MCrS will carry
two fewer instnnncrrts and will use acrobraking  to
circutarizc the initial eapt ure orbit about h4ars rather
than using a scncs of chen~icat propulsive nlancuvcrs.
‘1 ‘his cmnparison is shown in Table 1 where it can be
SCCII that while the while the dry spacecraft nlass differs
by 288 kg the launch n~ass differs by 1512 kg wi{h
only 81 kg of this diffcrenct  being due to the two
additional instnrrncnts carried by h4ars Observer. ‘Jhc
diffcrcncts  becxnnc even larger when the ‘l’able 1.

3’A}U .}i 1: h4ASS ANI> AV COMI’ARISON

h4aw Or AV 1 ilcntcnt MGS h4ars
Observer

l)ayload (kg) 76 157
IMy SK? (kg) 591 879
Iiuel & Oxictizcr  (kg) 393 1536
I mulch h4ass (kg) 1060 2572
Olbit  ]nscrtion AV (ntls) 989 816
Circxrlari?ation  AV (ni/s) 125 1367

clltrics for AV arc cxarrlined.  F Icrc it can k SCM thal
while MCTS requires a hi ghcr AV for the initial capture
in[o Mars orbit the AV for circularization is very ncar]y
clcvcn times smrllcr thal that to have hem  used by
h4ars Observer. lhus tbc rnajonty of the diffcrcncc  in
launch mass between h4GS and Mars Observer (1060 vs
2572, kg) is in tic  fuc] and oxidi zcr required by Mars
Observer for circularization of the orbit. IIy usirr~
act obraki ng for circulari 7ation, N4CJS  is ahlc to usc a
much smaller and lCSS expensive launch vchiclc. This
saving i s  .mfflcicntly dramatic that future Mars
missions which require a low circular orbit will likcl y
take this aJqwoach, as inckzd,  the 1998 h4ars Surveyor
Orhitcr  hm done.

‘Ilc h4agcllan spacecraft at Venus was the first phulct~
spacmraf(  to try acrobraking  as a dernonstrat ion in the
sununcr of 1993. ‘1’bc sncccss of this demonstration
was the predicate for the adoption of acf-obraking on
N4GS. Acrohraking  on MCJS will differ from that done
on h4agcllan in two important respects. 1 ~irst, on MCJS
acrobraking  wi] 1 be done before the start of the main
mapping activity. ‘1 hrrs, acrobraking  succcss is required
if tllc full set of mission objectives arc to be
accmnpli ski. Scmnd,  to bc successful not only nNM
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the :icrohraking  procedure result in a circnlarimtiou  of
the orbit at the proper  a l t i tude but i t  must  be
acxmmplishcd  such that  the local time at sunward
equalor crossing is wihin  ii few minutes of 2:00 I’h!i
~vilh respect to the mean sum ‘l%is latter c.mstraint,
which is essential if the complete scicncc objectives of
all the experiments arc to be possible, requires that
acrohraki ng procxxxl in a deliberate manner without
significant interruption, If a delay in acrobraking oczurs
in the early phmcs,  the motion of Mars around the sun
will cause the orbit plane to move closer to the sun-
IWrrs  line resulting in a local time at sunward equator
crossing that is nearer to noon than 2:00 l’h4. “Ihcsc
two factors make acrobralcing the most challenging
clcmcnt of the h4GS Mission.

‘llw h4GS spacecraft has been designed to meet the
acrohraki  ng requirements, including the local time
constraint, with margin  for any day within the t~vcnty

Figure  1: MGS  Mission Titneline
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day launch period. I ;or the dmg portion of each paiapsis
passage the sol,ar arrays are canted back from the
d i r ec t i on  o f  f l ow  to  create a dynamicat]y  stab]c
configuration Tvith the ecntcr of pressure behind ihc
ccntcr of mass of the spatirift, I’hc design has a
margin of 90% with respect to unexpected than.gcs in
atnlospheric  nlass density at pcriapsis. ‘lhis means that
the spacamft  can tolerate an unprcxlickxt change of X%
in the pcriapsis density without exceeding the heating
constraint of 0.76 w/nlz. llris level  of  marpin
substantially cxcecds the lCVC1 of density fluctuations
cxjwienccd  in the hundreds of pcriapsis passage during
h4agcllarl  acrobraking I lowcvcr, the region where
aerobraking will occur on hkrs (115 + 15 km) has not
been well charactcrimd  on any phmct ancl the additional
mal gi n is prudent.

As shown in the MGS Mission timcline of I;igure  1,
the historical record of global dust storms indicates such
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globat storms cm cxxur  during the acrobraking  orbital
a{ijustment  phase of the mission. 1[ is not the dus{
itself which is a cxmczrn, since there is no cvidcncz that
i t  rcachcs  ‘an ywhcrc Jwar the attitudes A which
acrobraking  will oczur, but the increase in density at the
acrobraking altitndc associatcxt with the expansion of the
ahnosphcre  duc to the heating the dust inducts.
1 kaninatioa of the record of ahnospheric tcmpcra[urc
chm]gcs during the two globat dust storms in 1977
observed from the Viking orbitcrx provides cxampt cs of
rapid increases in atmospheric tcmpcrat arc msociatcd
with globat storm dcvclopmcnt. Modclling of tbcsc
tcmpcraturc  inercases  including the use of the h4ars
global circulation rnodct  at the NASA Ames research
Center indicates that the demity at acrobrakjng  attitudes
could incrcmc by as much as a factor of tcn in a time as
sho]t as two days following the start of a major storm.
‘1’hc circulation model results also indicate that for a
storm that origiuatcs in the southcnt hcmi sphere on
Mars, which has been tbc historical pat[cra, the
tcmpcraturc  i n the atmosphere of the northern
hcmisphcrc  will start to increase heforc  the dust itself
crosses  the equator and move-s into that hemisphere.
‘Ibis is of importance for MGS as the pcriapsis ]atitudc
is in lhc northern hcini sphere at the beginning of
acrobraking  ancl remains in that hemisphere for a major
portion of the acrobraking  tinw pmiod.

Since tic acrobraking  altitude is sc]cctcd bawd on the
anticipatwt  atmospheric dcm+it y at that attitude the
occurrence of a globat dust storm nccessi tatcs moving
pcriapsis  [o higher attitude as the storm builds but dots
not neccssaril  y interrupt aerobraking.  Anticipating this
possible density change will be accomplished using the
spacmraft i tsct f, some of the N4GS  science instruments
tcrrcstriat bawd meawmmcn{.s  and measurements fran
the 1 ‘athfindcr  vehicle on the surfau of Mars. 1 kpplcr
tracking of the spacxzraft  will be nearly continuous
during the acrohraking  time period and the OrtJit
dctcmlination process will provide an estimate of the
periripsis  atmospheric dcnsit y each orbit, “1’he spacecraft
accct eromtiers may also he able to provi dc dcnsi t y
cstin iatcs based on the chag inducd acceleration
imJ)arlcd  10 the spacecraft, Images from the Mars
Orbiter Grncra will be used to exarninc  the p]anct for
cvidcmc  of dust storm activity. Spectral mcasurcmcnts
from the ~’hcrmat  Ihnission Spcctromctcr will be usc to
monitor the atmospheric tcmperat  arc. lhc spacecraft
infrared bawd holimm sensor will also be used to track
tbc time history of atmospheric tcnqxn aturc. I;rom
earth, passive microwave measurements of Mars will be

conducted from which the trend of atntosphcric
tcmpxature  with time can be dcrivcit. I_hc l’athtindcr
lander will have bccu on the surface of hk+rs  for five
months at the start of h4CIS acrobraking and the history
it can provide of atmospheric opacity and surface
pressure will be very valuabtc in providing an indication
of incrcawd dust activity. Ike many sourcxx of
information on the Mars atmosphere will be used in a
structured decision process to make judgcmcnts about
the mar term bhavior  of the atmosphere and the
magnitude and direction of small proput sivc maneuvers
which arc used throughout the acrobraking  time period
to adjust the periapsis altitude.

‘J Iic four and onc half months of the acrobraking time
pc~ iod have bcxm divided into three suhphascs  catled
walk-in, main and watk-ont.  In the walk-in phase the
orbit periapsis is lowered from the capture orbit altitude
of a litttc over .300 km to the attitude at which
acrobrakcng will ocmr  through a series of four or five
proput sive m a n e u v e r s  as shown in tbc cxarnplc
contained in I:igurc 2. “Ilrc spacecraft will remain at the
acrobraking  at ti tudc during the main phase for the next
three months as the apoapsis  altitude is slow]y lowered
from 57,000 km to about 2000 km and the orbital
period is reduced under 3 hours. ‘Jhc ftucluations which
can be seen in periapsis attitude in l;igurc 2 are not the
result of time variation in the atmospheric moctcl used
but result from variations in the gravity field of Mars.
“I”be finat three weeks of aerobraking  further reduce the
apoapsis  attitude to 4.S0 km while slowly increasing the
pcriapsis  altitude and the descending orbit node location
will have rotated from its initiat position near 5:45 PM
to ncady 2:00 PM. At this  point  aerobraking is
terminated with a marwuvcr  which raises pcriapsis out
of the region of significant drag. I;ollowing the
completion of aerobraking,  Mars gravity calibration
ntcaw-cmcnts  arc  conducted,  find  mapj)ing orbi t
a(~ustmcnts  arc made and the spxzcraft  and instnrmcnts
aI e prepared for the start of mapping which will begin
in h4arch 1998.  h4apping wilt continue for a ful 1 Mars
year (@17  days) and bc followed by a six month Mars
relay mission.

h4ARS R}il JAY AC:I’IV1’lY  .——. —

“J’hc h4GS spacecraft carries the h4ars  Relay system
provided to NASA by the Ikcnch Ccntrc  Nrrtioualc
d’] itudc SpatiaJcs. “1’his system witl first bc used to
return data from the Russian ’96 lander in the first fcw
01 hi ts after the MCIS h4ars orbit insertion. la order for
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the MCTS orbittx to pass over this lander it may be
ncmssary 10 usc one of the early h4t3S cruise trajectory
correction maneuvers to adjust the MGS arrival ti mc at
h4a~s.  A decision on such adjustment will bc made
following the launch of h4GS. “Illc h4ars Relay will
also be used to support the return of ’96 lander data
during the M(iS mapping mission. ‘l’he possibility of
providing some relay capability during the MGS
,acrohraking  time period is currcntty  being cmmincd.

~l~RS SIU<\rl A’(>R 01’1  {KA”I’IONTS  I’ROJJ Cl”

onc of the chatlcngcs  of the Surveyor l%ograrn
conduct spacecraft system testing, spacecraft

is to
fli~:ht

opcrat  ions, sc.icncc instrument operations, navigation,
data processing and archiving for multiple spacecraft
within an operations budget apprcciatd y smaller that
planned for Nkw-s  C)bscr-vcr  atone. lhis challenge is
being met through the development of the h4m-s
Surveyor Operations l’rojcct which will scrvicc all the

Figure  2: Periopsis Altitude Versus 7irrw From Mars
O r b i t  Irtsertim I’m 7he Open  And Close O f  I he
Immch  i’eriod.
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1 ‘ollowing  the end of the MGS mapping mission there
will be a further period of spa-raft operation which
will allow tbc h4ars Relay to 1X used to return data from
two smatl probes the 14ASA New h4illcnniun~  llogram
will SCMJ  to h4ars with the Surveyor 1998 mission. in
addition the h4ars Way will serve as a backup to the
relay carri cd by the 1998 Surveyor ortri t cr for use with
tbc 1998 high southern latituclc lander.

Surveyor missions. ]n this project the operations
acti~ity will be distributed with science instrument
opt] ntions conciuctcd  from the investigator’s home
institution, spacxxd’t hc~d th and welfare operations at
the location of the P1oject’s industrial partner, ancl
mission planing, sequencing, and navigation from the
Jet I’ropul  sicm 1 Amatory.

‘J ‘he initial core of this operations projczt was taken
from the hlGS operations cffoti which i tsclf was dcri vcd
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from that dcvclopcd  to support hkars Observer. All of
k proecsscs  involved in operations have km
e.x,arnincd  and an ,organizkoll  developed to fit {he scatc
of the. Sur}’cyor  h4issions rmaking  maximum usc of
clec(ronic  tools. As an c~an~Jdc,  h4GS i n s t r u m e n t
lean)s  will be able, from their own institutions, to
generate commands for their iristrruncnts  and send thcm
to the spat.ccraft Ibmugh the Surveyor Operations
1’I ojcc.t in times a short as a fcw hours. In this process
all the ncmssary for-matting, constraint c.hccking and
machine transfer is done automatimtly.

h4GS will bc the first of the Surveyor series to usc the
Surveyor operations Project providing an opportunity
to test the ncw clcmen[s  being introduced. When h4GS
is in i@ mapping phmc, support will begin for the
systcm testing of tbc 1998 Mars Surveyor orbiter and
]andcr which will be launched before h4GS cornplctcs
its mapping mission. lhc challcngc of handling
multiple vchiclcs  including a mix of landers and orbiters
is significant.

~RS }iXPI ,ORA’I’1ON I’LTI’l JR}i

\Vith the launch of M(3S,  Mars’%  and Pathfinder in
Novcrnbcr  and lkccrnbcr  1996 Mm exploration will
begin a wtw -wA dmzpwqhrw.w. G!a!mLrbr73wXimf L.v 41,,
be eombincd with detailed surface mcasurcmcnt  in a
proecss  that wit] cxkmt  across a decade. 1998 will sw
t}lc launch of a Surveyor lander and orbiter and an
acronom y orbiter from Japan, ‘1 lrc h4(; S Mars Relay is
the first clcmcnt in the building of an infrastructure at
h4ars which can support multiple missions and a
hopeful sign that international cooperation will assist in
expanding our understanding of Mars ancl its hi story.
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